ABSTRACT. The bathymetric distribution, biomass, growth dynamics and production of surfgrass species in Baja CaMornia (NW Mexico) were examined. The maximum cover of Phyllospad~x scouleri (16 + 3.6%) was found between 40 dnd 50 cm below MLWL (mean low water level), whereas P. torreyi showed continuous cover (100%) at the lower intertidal (80 to 90 cm below MLWL). Both species showed sllnilar seasonal patterns, with the lowest rate of production of new leaves and biomass observed in April, when the dayt~me exposure to air of the ~ntertidal area studied was longest The production of surfgrass wa.s very high, exceeding 8000 g DW m-' yr.', and the rhizome elongation rate ranged from 0.24 to 0.58 mm d-l, resulting in an annual rhizome growth rate of about 8.6 cm yr-' The growth and biomass of both species tended to decline with increasing exposurp to air during day hours, but this decline was strongest for P. torreyi. The leaves of P torreyi desiccated faster than those of P. scouleri when exposed to air, and the net photosynthesis rate of P. torreyi was more affected than that of P. scoulen after being exposed to air for simllar lengths of thme. The shoot size of P, torreyi was more affected than that of P. scoulen under the same regime of air exposure. These results suggest that P. torreyi is more sensitive to desiccation than P scouleri, and point to both species as the most productive seagrass communities yet studied.
INTRODUCTION
Surfgrass (Phyllospadix tol-reyi S. Watson and Phyllospadix scouleri Hooker) is distributed along the Pacific coast of North America (den Hartog 1970 , Phillips 1979 , where it grows on rocky substrata exposed to the ocean swell (Ricketts et al. 1985) . Phyllospadix species are highly successful colonizers of this habitat, where they are able to competitively exclude other community components, such as macroalgae (Turner 1985) .
The American Phyllospadix species have been reported to be bathymetrically differentiated when cooccurring, with P. torreyi growing deeper than P. scouleri and P. serrulatus (Phillips 1979) . The signifi-'Addressee for correspondence. E-mail: duarte@ceab.csic.es cance and generality of this pattern remains, however, to be quantitatively confirmed. The upper limit of the depth distribution of Phyllospadix species is believed to be set by their capacity to resist air exposure during low tides (Phillips 1979 , Stewart 1989 , Yabe et al. 1996 , since carbon incorporation is reduced during emersion (Barbour & Radosevich 1979) and the leaves deteriorate when exposed to air and direct sunlight (Phillips 1979 , Stewart 1989 ). These observations suggest that differences in bathymetric distribution among species in the intertidal may reflect, if confirmed, a differential resistance to air exposure.
Although some aspects of the ecology of American surfgrass species are relatively well known, such as their reproductive biology (Stewart & Rudenberg 1980 , Williams 1995 , ability to compete for space (Turner 1985 , Turner & Lucas 1985 and nitrogen uptake (Terrados & Williams 1997) , information on their growth and production is surprisingly sparse, with no quantitative estunates available as yet. Furthermore, the evaluation of their growth dynamics and production is necessary to assess their potential trophic importance. Surfgrass meadows offer refuge to a number of animals, such as lobster (Williams 1995) , and are believed to be an important source of carbon for the rich animal food webs inhabiting this coast (Kikuchi 1980) .
The goal of this study is 3-fold: (1) to test the reported bathymetric differentiation of the Phyllospadix species, (2) to quantify their biomass, growth dynamics and production., and their variability in relation to the seasonal variability in tidal range and the associated exposure to air, and (3) to experimentally test differences in the response of the 2 species to exposure to air and the associated desiccation. We achieved this by studying the Phyllospadix species present on the coast of Baja California (Mexico).
METHODS
The study site (Mesquitito) is located in northern Baja Cal.ifornia (Mexico), south of Punta Mesquitito (32" 10' N, 116" 50' W), and is characterized by the presence of basaltic platforms that become exposed at low tide and cobble beaches. The climate in the area is temperate with minimum air temperatures (1 1.2"C) and maximum precipitation (58.1 mm) in winter (Garcia 1988) . The tidal regime is mixed, with a strong semidiurnal component, and with spring low tides occurring during daytime from November to April. The length of the exposure to air of the sustratum during low tide at the -36 cm level in the study site, the approximate level where seagrass growth and biomass were recorded, was calculated from a model of tidal dynamics and separated into day and night exposure.
The spatial distribution of surfgrass and other components of the community at the study site is highly patchy. The mosaic of components forming the landscape was described through the estimation of the percent cover of Phyllospadix scoulen, P. torreyi, macroalgae, mussel beds, bare sand and bare rock along 8 transects, each 30 to G0 m long, haphazardly lald in the study site (3 in February 1997 , 3 in April 1997 , and 2 In June 1997 . The percent cover of the landscape components was estimated, together with sustratum depth, at 1 to 2 m intervals along each transect using a 30 X 30 cm grid divided into 9 sections. All transects were referenced to the mean low water level (MLWL; 0 m) to provide a n absolute representation of the topography and allow their comparison. Differences in cover between surfgrass species at different levels along the intertidal were tested using a 2-way ANOVA with Depth and Species as independent factors. Biomass, shoot density and leaf growth of both surfgrass species were estimated every 2 mo from October 1996 to August 1997 Temperature and salinity of surface water at the study site were measured every sampltng date using an Olion 140 T-S meter. Biomass samples (100 cm2, n = 6) of both species were collected haphazardly within the surfgrass patches using a knife to separate the plants from the rock to which they were firmly attached. Sediment and debris were washed from samples and sorted into leaf blades, sheaths, and rhizomes plus roots, and weighed following desiccation at 70°C for 24 to 48 h. Because it was difficult to remove inorganic particles from the rhizome plus roots fraction, we combusted these (24 h, 400°C) to estimate the organic weight alone. Shoot density of both species was estimated from shoot counts within 6 replicated 100 cm2 quadrats for each seagrass species placed haphazardly within the surfgrass patches.
Leaf growth was estimated by marking a minimum of 30 shoots in each of the 6 shoot density quadrats by punching 2 colinear holes just below the ligule of the oldest leaf in the shoot. After a time interval of 5 to 7 d the marked shoots were retrieved, and the number of leaves in the shoots, the length of each leaf blade, the number of new leaves produced during the marking period, and the length of the new portion of the blades grown during the marking period were measured for each shoot. The new portion of each blade was dried at 70°C for 24 h, and weighed to estimate leaf production. The leaf plastochrone interval (PI, in days; Brounq 1985) was calculated for each marking period as number of shoots X number of days of marking PI = number of new leaves during the marking period Leaf production (g DW m-' d-l) was calculated as the product of the average leaf growth rate per sh.oot (g DW shoot-' d-l) and shoot density (shoots m-'). Sheath production (g DW m-2 d-') was calculated as the product of the average individual sheath mass (g DW leaf-') and the rate of formation of new leaves per unit area (shoot density PI-').
Rhizome growth rates (mm d-l) were estimated by marking individual rhizomes with a cable tie placed after the second shoot from the rhizome apex, and recording the number of new rhizome internodes and shoots produced after different periods of time. Forty rhizomes of Phyllospadix torreyi were m.arked in October 1996 but only 9 and 6 rhizomes were retrieved in February and August 1997, respectively (the rest were not found). An additional 20 rhizomes of P. scoulen were marked on June 1997 of which only 9 could be found in August 1997. Rhizome production (g DW m-2 d-l) was estimated from the product of the average weight of an internode and the total number of new leaves produced per square meter per day, assuming a 1:l relationship between the formation of rhizome internodes and new leaves in this genus . The estimates of leaf, sheath and rhizome production (g DW m-' d-') obtained in each sampling period were averaged to obtain an estimate of the annual production when multiplied by 365 d . Differences between surfgrass species in biomass, growth rates and production and changes through time were tested using a 2-way ANOVA with Species and Time as independent factors. The overall significance of the correlation between the air exposure during daytime and the different variables describing surfgrass biomass and production was tested by combining the probabilities (p) of the test of significance of each correlation and calculating the amount -2Zlnp, which has a distribution (Sokal & Rohlf 1981) .
The effect of air exposure on the desiccation of surfgrass leaves was assessed experimentally by monitoring the weight loss of surfgrass shoots after emersion. Five shoots of each surfgrass species were collected, blotted with paper towels, weighed (k0.001 g) to determine the initial fresh weight and placed over a rocky platform that had just become exposed to air with the receding tide. The rocky platform was covered with the macroalgal turf characteristic of the area, and some patches of Phyllospadix scouleri were also present. The experimental surfgrass shoots were laid over the rocky platform in a way similar to that adopted by the naturally growing P, scouleri shoots when einersed. The experiment was initiated on a clear, sunny day (8 March 1998; air temperature: 20°C) at noon, and the welght of each shoot was determined after 1, 2 and 3 h of air exposure. After 3 h the shoots were oven dried (24 h, 60°C) to estimate their dry weight. The degree of desiccation achieved by each shoot during the experiment was expressed as the ratio of the desiccation achieved by the shoots after been dried in the oven following the equation init~al fresh weight-weight at time t deslccation rat10 = -.
initial fresh weight-dry weight Differences between surfgrass species in the degree of desiccation achieved after 1 , 2 and 3 h were tested using 2-sample t-tests.
The effect of air exposure on surfgrass photosynthesis was assessed experimentally by estimating the net photosynthesis rate of portions of shoots desiccated to different degrees. Surfgrass shoots were cut 4 cm below the ligule of the oldest leaf, senescent or heavily epiphytized tissues were discarded, and the remaining leaves were gently cleaned of epiphytes. Desiccation of shoots prior to photosynthesis measurements was performed by exposing the shoots to air and direct sunlight over a seawater-soaked towel to emulate the natural conditions experienced by surfgrass shoots when exposed to air during low tide. Different degrees of desiccation were achieved by changing the duration of the air exposure (between 15 and 90 min depending on the experiment). The degree of desiccation experienced by each shoot was calculated from the weight loss shown by the shoot during the desiccation ti-eatment as described previously. After the desiccation treatment the shoots were reimmersed in seawater for 2 h before the photosynthesis measurements started to allow the rehydration of leaf tissues.
Net photosynthesis rates were estimated from the changes in concentration of dissolved oxygen after a 1 h incubation of chambers containing 1 surfgrass shoot. The incubation chambers were 260 m1 glass bottles which were hung from a line that ran 30 cm below the sea surface at the study area. Ambient daylight (between 174 and 1055 pm01 m-' S-' inside the incubation bottles) and temperature (between 17 and 19°C) were used in the incubations. Waves maintained the incubation chambers in continuous motion; further stirring inside the chambers was obtained through the movement of a small glass rod hanging inside each chamber. Oxygen concentrations were determined using an Corning Check Mate M90 oxygen meter. Three shoots (replicates) of each species were used for each desiccation treatment and incubation. In addition, 3 shoots which were not desiccated were incubated under the same conditions as those desiccated to account for the effect of desiccation on net photosynthesis for each species and experiment. Two incubation chambers were filled with seawater and incubated in the same way as those containing surfgrass shoots to control for plankton metabolism in each experiment. All the experiments were performed between 10 and 14 March 1998. The average net photosynthesis rate of the desiccated shoots in each experiment was divided by the average net photosynthesis rate of the control, undesiccated shoots (i.e. standardized net photosynthesis rate) to make the results of the different experiments comparable. The effect of air exposure on surfgrass photosynthesis was modelled through linear regression of the standardized net photosynthesis rates versus the duration of the exposure to air during the desiccation treatments. Differences between species in the effect of desiccation were tested by compaling the slopes (t-test, p < 0.05) of the corresponding regression lines.
Differences in the effect of air exposure on shoot size between P11 yllospadix scouleri and P. torreyi were assessed by relocating boulders which were naturally colonized by surfgrass to a higher elevation in the intertidal zone. On 10 March 1998, 6 boulders colonized by each surfgrass species were selected from the subtidal zone and 3 of them were haphazardly selected and anchored at the level of a large intertidal P. scouleri patch growing at an elevation where P. torreyi does not occur. Extreme care was adopted to place the surface of the boulders colonized by surfgrass at the same level of the sustratum of the intertidal P. scouleri patch. The other 3 boulders of each species were anchored at a subtidal elevation 4 to 5 m away from the intertidal P. scouleri patch where P. torreyi is the dominant species.
Before placing the boulders at the desired locations, 10 shoots growing on each boulder were haphazardly collected for measurements. The length of the longest leaf, the number of standing leaves, the leaf width, and the biomass (g DW, after drying at 100°C for 24 h) were estimated for each shoot. After 77 d (26 May 1998) the boulders were located and between 21 and 33 shoots were haphazardly collected from each of them and similar measurements were performed. The effect of air exposure on the shoot morphological features of each species was tested using 2-way ANOVA with Time (Initial, Final), and Exposure (Subtidal, Intertidal) as independent factors.
RESULTS
The studied area showed a complex topography (Fig. 1 ) that led to considerable small-scale (a few meters) patchiness in the components of the landscape. Surfgrass occurred in the upper portions of the site as patches (median diameter, 18 cm), and as more extensive meadows in the 1.ower portions. Examination of the bathymetric distribution of the components of the (Fig. 2) showed the topmost portions of the rock outcrops to be denuded of macroscopic organisms, with algae (dominated by green and coralline algae) and mussels occupying the more elevated colonized sustrata. The upper limit of surfgrass distribution corresponded to 30 cm below mean low water level (MLWL), with Phyllospadix scouleri occupying significantly (2-way ANOVA, p 0.01) shallower zones than P. torreyi (Fig. 2 ) , which extended to the subtidal (down to about 4 m below MLWL). The maximum cover of P. scouleri was 16 5 3.6% of the sustrata between 40 and 50 cm below MLWL, whereas P. torreyi showed continuous cover (100%) at the deeper portions studied (80 to 90 cm below MLWL; Fig. 2 The shoots and the individual leaves of Phyllospadix torreyi were larger than those of P. scoulen (Table l ) , both species showed maximum size in August, with another peak observed in December for P torreyi (Fig. 3 ) . Leaf growth rates were greater (p < 0.01) for P. torreyi (Table 2) , and reached maximal values in August for both species, when the air exposure of the studied area during daytime was shortest (Fig. 3) . Conversely, shoot growth tended to be low for both species during April, the time of longest exposure to air (Fig. 3 ) . P. scouleri produced new leaves faster than P. torreyi (Table 2) , both showing the slowest rate of production of new leaves in April (Fig. 3) , when the daytime exposure of the studied area was longest. These rates result in an annual leaf production of 17.8 2.2 and 22.6 + 2.2 leaves per shoot of P. torreyi and P. scouleri, respectively.
Shoot density was greater for Phyllospadix scouleri than for P. torreyi and showed a parallel seasonal pattern (Table 1) involving low density in winter and maximal density in the spring and summer (Fig. 4) . Both species had a similar biomass of leaves, leaf sheaths and rhizomes plus roots (Table 1, Fig. 4 ). The biomass of aboveground material (59.7 + 5.5 and 56.4 + 2.5 % of the biomass for P. scouleri and P. torreyi, respectively) exceeded that of rhizomes plus roots, which nevertheless had a large contribution to the biomass of both species. Surfgrass biomass was lowest in April, and showed parallel seasonal patterns for both species (Fig. 4) . The reproductive period of surfgrass started in spring and extended over the summer, with the flowers of both species reaching a comparable biomass (Fig. 4) . Despite the profusion of flowers in summer, virtually all flowers appeared in female clones, with male flowers being present rather infrequently.
The production of surfgrass (including leaves, sheaths, rhizome and roots) in the study area was very cover of the sustratum, whereas the , -800 5 -'E 400 5 g maximum cover of P. scoulen did not The inferred annual growth rate of the rhizome of P.
torreyi would be 8.76 cm yr-'. Rhizome growth demanded a similar allocation of resources for P.
scouleri and P. torreyi (44.8% of total production). Surfgrass production tended to be lower from winter to early spring, and was high during the summer and fall (Fig. 5 ). There were, however, significant differences between the seasonal patterns observed for both species (Table 2) , with area1 leaf production declining more in April, the time of longer air exposure, for P. number of sampling visits, most of them are negativ strongly pointing to an overall negative relationsh between exposure to air and surfgrass performance, evidenced by a significant (p i 0.025) overall correl tion between surfgrass biomass and production an the exposure to air during daytime. Phyllospadix torreyi desiccated faster than scouleri in the same environmental conditions, as ev denced by the higher (t-test, t = 2.51, p < 0.05) values the desiccation ratio in the former species after 2 h exposure to air (Fig. 6a) . The desiccation of both sur grass species was, however, similar after 3 h of a exposure. Air exposure was detrimental for Table 3 . Summary of results of the 2-way ANOVAs performed to test for surfgrass photosynthesis as indicated by sigthe effect of the level of exposure to air on the size of surfgrass shoots. nificant (p < 0.01) negative slopes of the lin-' p < 0.05, ' ' p < 0.01, "not significant (p > 0 05) ear regressions between the standardized net photosynthesis rate and the duration of the exposure to air for both species after rehydratation of the shoots (Fig. 6b) . The slope was more negative (t-test, t = 3.22, p < 0.05) for P, forreyi than for P, scouleri, which indicates that the net photosynthesis of P. torreyi was more affected by air exposure than that of P. scoulen.
The size of Phyllospadix scoulen shoots was not affected by the relocation of plants to either the intertidal or the subtidal. Both the length of the longest leaf in the shoot and the shoot biomass almost doubled during the experiment (Fig. 7 , Table 3 ). There were differences between the shoots in boulders assigned to the intertidal and subtidal positions at the onset of the experiment, and these differ- ences were maintained throughout it. The length of the longest leaf in the shoot and shoot biomass were n.ot affected by the different levels of air exposure, as evidenced by a non-significant Time X Exposure interaction (Fig. ? , Table 3 ). The size of P. torreyi shoots was, however, affected by the level of air exposure: both the length of the longest leaf in the shoot and shoot biomass decreased during the experiment in the intertidal position while they increased in the subtidal positions (Fig. 7 ) , as evidenced by a significant Time X Exposure interaction for shoot biomass, and a rnarginally significant (p = 0.0576) interaction for the length of the longest leaf in the shoot (Table 3) . Again, there were differences between the shoots on boulders assigned to the intertidal and subtidal positions at the onset of the experiments, but these differences became smaller at the end of the experiment (Fig. 7) . The number of leaves per shoot and the width of the leaves were not affected by the level of exposure to air (data n.ot shown).
DISCUSSION
The patchy nature of the intertidal landscape studied results from the complex topography of the rocky platforms together with a significant bathymetric differentiation of the landscape components. The most elevated portions of the rocks were devoid of macroscopic organisms and only mussels and coralline algae developed significant cover 10 to 20 cm below the highest features of the landscape. Coralline algae are known to be remarkably tolerant to air exposure (Seapy & Littler 1982) , both through physiological mechanisms and from protection derived from sand trapped within their thalli (Littler & Littler 1980 , Stewart 1983 . Mussels are also highly resistant to exposure to air because they can maintain their valves closed for long periods of time, even switching to anaerobic metabolism if necessary, thereby avoiding desiccation (Bayne et al. 1976 , Seapy & Littler 1982 . Surfgrass, however, only achieves substantial cover in the lower reaches of the intertidal (Turner 1985 , Turner & Lucas 1985 .
The results presented confirm previous observations that surfgrass species are bathymetrically differentiated, with Phyllospadix scouleri reaching its highest cover some 30 to 40 cm above the level where P. torreyi reached its maximum cover. Moreover, the maximum cover reached by P. scouleri did not exceed 16%, on average, at any given depth range, whereas P. torreyi achieved complete cover (100%) in the deeper zone where it grew. The cover observed for P, scouleri is similar to that reported for intertidal populations in California and Oregon (Horn et al. 1983 , Turner 1985 , Turner & Lucas 1985 , whereas P. torreyi often produces closed canopies in the subtidal (e.g. Williams 1995) which can extend to the lower limit of the intertidal, as observed here. The association of closed canopies of surfgrass with the lowest level of the intertidal is so close that continuous surfgrass carpets are considered to be reliable indicators of the mean lower low water level (Ricketts et al. 1985) .
Phyllospadix tori-eyi was more affected by the exposure to air than P. scouleri. First, the leaves of P. torreyi desiccated more than those of P. scouleri under the same conditions of air exposure. Second, the photosynthetic activity of both species was negatively affected by the exposure to air, but P. torreyi showed a larger reduction of the net photosynthesis rate than P. scouleri after air exposure of the same duration. Altogether, these results provide a mechanism to explain the bathymetric differentiation of these 2 surfgrass species in the intertidal, with P. torreyi being more sensitive to air exposure than P. scoulefi. Hence, the transplant experiment performed showed that, under a regime of air exposure at which only P. scouleri occurs, the size (biomass, leaf length) of P. torreyi shoots decreased while that of P. scouleri increased, which suggests that the negative effects of air exposure on the photosynthetic activity of P. torreyi result in detrimental consequences for its vegetative development.
Phyllospadix torreyi produced larger shoots and longer leaves that P. scouleri, which is consistent with previous observations (McMillan & Phillips 1981 ). Yet, both species tend to develop remarkably similar biomasses, which varied along the studied period, displaying the lowest biomass in April, the time of longest exposure to the air. Non-photosynthetic tissues (rhizomes plus roots) had an important contribution (about 40%) to surfgrass biomass. Previous studies have shown the relative biomass allocated to photosynthetic versus non-photosynthetic tissues to decline towards the high elevations of the intertidal, with rhizomes plus roots contributing a much greater percentage of the biomass in plants located towards the shallow depth limit of the plants (Stewart 1989) . Indeed, these species have been found to produce shoots larger than those reported here when growing subtidally (Williams 1995) .
The rate of formation of new leaves, which also corresponds to that of new internodes, proceeded at a relatively uniform pace through the study, with shoots of Phyllospadix scouleri producing a greater number of leaves per year than those of P. torreyi. The values reported are, to our knowledge, the first estimates derived for these species. However, information on Asian Phyllospadix iwatensis indicates shoots of this species form a new leaf every 19.8 d (Yabe et al. 1996) , similar to those we report for the American Phyllospadix species. Leaves elongated at rates of about 2 cm shoot-' d-' for both species, 30% slower than those reported for subtidal P. torreyi stands (Williams 1995) .
The few reports on surfgrass rhizome elongation rates available point to a significant plasticity in this key trait (2 to 6 cm yr-' for Phyllospadix scouleri [Turner 19851 ; about 50 cm yr.' [Stewart 19891 or 8.7 cm yr-' [this study] for P. torreyi). There is, however, consensus that disturbed surfgrass patches recover in less than 3 to 4 yr (Dethier 1984 , Turner 1985 , Stewart 1989 ; this recovery should proceed mainly by clonal growth because the occupation of surfgrass habitat by sexual reproduction seems to be highly inefficient (Dethier 1984 , Turner 1985 , Williams 1995 . Disturbance is considered a major factor in the ecology of surfgrass (e.g. Dethier 1984 , Turner 1985 , whereby surfgrass patches may die-off due to air exposure or be pulled off during storms, which might partially account for the patchy distribution of surfgrass and the mosaic appearance of the landscape in the rocky intertidal of the study area.
Recent reports for Asian congeneric species occupying sunilar habitats suggest surfgrass to be a fastgrowing species (Yabe et al. 1995 (Yabe et al. , 1996 , being able to support productive meadows. American surfgrass developed very dense (>6000 shoots m-') stands, which, coupled to their substantial leaf production, resulted in highly productive meadows. The aboveground production of stands of both species matched the highest values previously reported for any seagrass species (4619 g DW m-2 yr-l, Halodule wrightii; Gallegos et al. 1994) , whereas surfgrass rhizome production rates were up to 4 times higher than previously reported maximum values (4 g DW m-2 d-l, Zostera marina; Pedersen & Borum 1992) for any seagrass species. Yet, all the evidence presented above on bathymetric distribution of the species, as well as their shoot size and stand biomass, suggests that the plants were stressed due to exposure to air in the intertidal environment. Indeed, examination of biomass, growth and production of photosynthetic tissues of Phyllospadix torreyi revealed t h e s e traits to b e significantly r e d u c e d d u r i n g periods of long exposure to air d u r i n g daytime. O u r results suggests P. torreyi to b e m o r e sensitive to desiccation t h a n P. scoulen is, accounting for their bathyrnetric distribution a n d t h e restriction of P. torreyi to t h e s e a w a r d limit of t h e intertidal s h o r e a n d to d e e p pools within t h e u p p e r r e a c h e s of t h e intertidal, w h e r e it dominates seagrass biomass. This points to exposure to air d u r i n g low tide as t h e most influential factor a f f e c t~n g t h e growth performance a n d production of intertidal surfgrass. Moreover, surfgrass displays a peculiar seasonality compared to other temperate species, which all h a v e maximum growth in late spring.
Surfgrass g r o w t h a n d production was, however, minimal in spring, coinciding with t h e longest exposure to air.
In summary, t h e results p r e s e n t e d s h o w that surfgrass communities r a n k amongst t h e most productive communities o n t h e planet. T h e observation of very h i g h primary production i n t h e high-energy enviro n m e n t surfgrass inhabits supports contentions that turbulence is a major factor in t h e control of primary production i n t h e s e a (Margalef 1997 ). Yet, t h e envir o n m e n t occupied b y surfgrass is also a stressing o n e , w h e r e plants a r e subject to f r e q u e n t disturbance, aUowing for t h e occupation of t h e s p a c e b y fasterg r o w i n g communities (Turner 1985 , T u r n e r & Lucas 1985), a n d w h e r e t h e stress associated with air expos u r e sets n a r r o w limits to surfgrass distribution.
